The characteristic physical appearance of hereditary achondroplastic dwarfism in the rabbit has been described in the previous p a p e r (1) a n d the genetic features of the condition are discussed in one which follows (2). The present report contains the result of p o s t m o r t e m observations on the animals, including the microscopic e x a m i n a t i o n of tissues. An analysis of organ weight d e t e r m i n a t i o n s is also presented.
Materials and Methods
An autopsy was carried out on 216 of the 228 achondroplasfic dwarfs observed to date. For control material, normal new-born rabbits including litter mates found dead or killed with chloroform anesthesia were similarly examined. The group also included normal animals born prematurely. Tissues for routine microscopic study were fixed in Petrunkewitsch's solution or cupric-phenol solution and stained with hematoxylin and eosin. Pituitary glands were fixed in Susa's solution and stained with a modification of Mallory's aniline blue method. The entire gland was sectioned in the sagittal plane at a thickness of 4 to 5 microns and sections from abnormal and normal animals were stained at the same time. Representative areas at various levels were selected for study. Sudan IV was used as a fat stain for tissues preserved in 10 per cent neutral formalin, and Best's carmine stain for glycogen was used for tissues fixed in absolute alcohol.
The weights of certain organs were determined. The gastrointestinal mass and the liver were weighed on a triple beam specific gravity balance calibrated in hundredths of a gram and the smaller organs were weighed on a torsion balance for 1000 nag. calibrated at 2 rag. intervals. It will be noted that some organs were not weighed. Dissection of the thyroid was unsatisfactory on account of the uncertain limits of the organ, and consequently the larynx and adjacent structures including the thyroid were sectioned in toto for microscopic examination. The lungs were not weighed because of their frequently boggy condition. The weights of pituitary glands obviously injured in removal were omitted; others were not available because the base of the skull with the attached gland was preserved intact.
Organ weights of 51 achondroplastic dwarfs and 80 normal litter mates have been analyzed, and in addition the results on a supplemental group of 52 achondroplastic dwarfs are available. The first group has 3 subgroups as follows: 24 achondroplastic dwarfs and 23 normal sibs; 14 dwarfs and 43 normal sibs; and 13 dwarfs and 14 normal sibs respectively. Since there were no essential differences in the findings in these subgroups, the values have here been combined. It may be mentioned that the first and second subgroups are those previously discussed with respect to bone measurements (1) .
Both actual and relative organ weights have been used for analysis. A relative weight is 261 the percentage value of the net body weight which in turn is the gross body weight minus the weight of the gastrointestinal mass and contents. The determinations for each organ have been analyzed on the basis of the mean or average value of the total number of observations and secondly on the basis of the means of individual litter mean values. Comparison of these two means for the several organs reveals only insignificant differences, and consequently only total group means are given here (Table I) .
RESULTS
The gross findings at autopsy will first be described and the organ weights of achondroplastic dwarfs will be compared with those of their normal litter mates. The results of the microscopic examination of various tissues and organs will then be presented.
Postmortem Findings
It should be said at the outset that the postmortem findings in the great majority of cases were remarkably uniform. It should also be noted that of the 228 achondroplastic dwarfs, all except 11 were dead when the litter was examined within a few hours of birth and none of the latter survived more than 12 hours. The degree of postmortem change was variable, but in a considerable number of cases it was comparatively slight.
The characteristic gross appearance of achondroplastic dwarfs (1) comprises in all cases a reduction in size, disproportionately shortened extremities, a short, spade-shaped, fleshy tail, a comparatively large, squarish head with prominent calvarium, and a large, protuberant abdomen. The incisor teeth are small. The tongue is generally large and fleshy and its tip protrudes between the lips. The nares are patent and the eyelids appear to be normal. The eyeballs and the frequently fleshy ears seem large in comparison with the size of the animal. A cleft palate was present in one-fourth the cases.
The skin was usually markedly redundant with prominent folds in the cervical regions, the shoulder and pelvic girdles, and the pzoximal segments of the legs, but, although this gave the impression of thickening, the skin was generally thin and delicate. In a considerable number of cases, however, there was cutaneous edema particularly in the cervical region and the shoulder girdle. The skin of the abdominal wall on the other hand was taut and somewhat thinner than normal and much the same condition obtained over the calvarium. In the posterior oeeiput, the facial and mandible areas, the hind feet, and the tail there were variable degrees of cutaneous "fleshiness" or redundancy in contrast to the more normal condition of the skin of the front feet. In many cases~ there was a slight deficiency in the pigmentation of the skin and a slight or moderate deficiency in the development of the hair.
The subcutaneous tissues were normal except in those cases which showed cutaneous edema. In these affected areas there was also subcutaneous edema and congestion and often small hemorrhages. The fat envelope was abundant and apparently normal in all cases.
The musdes were well developed except for those of the abdominal wall. Nothing unusual in the gross appearance of the diaphragm was discernible. The leg muscles, and especially those of the upper segment, appeared to be heavily developed. As a rule, the color of the voluntary muscles was somewhat paler than normal but the difference was not striking. The most conspicuous feature was the lack of tone and the failure of rigor morris to develop which has previously been pointed out (1) . Persistent muscular softness and relaxation was typical of the disease. No stiffness of any of the muscles with a few possible exceptions was noted under different temperature conditions of variable duration in which definite hardening developed in normal new-born young found dead or killed with chloroform. The contrast between achondroplastic dwarfs and normal young which had been kept in the ice box overnight was noteworthy.
There were a few instances in which some change of a temporary or transient nature was observed. Thus, in the case of 2 dwarfs which were exposed to outside temperatures of 26 ° F. for 20 minutes, the muscles of the legs contracted and set to some extent and the abdominal wall became a little firmer. Immediately, however, after the animals were brought indoors, the leg muscles softened and the abdomen became relaxed. There was apparently a complete reversion to the oliginal state. With the control animals, comprising normal new-born young found dead and others killed with chloroform, the muscles of the legs and abdomen became contracted and firm and remained so for upwards of an hour at room temperature.
The bones were markedly al~normal. As is shown in the x-ray photographs of the preceding paper (1, Figs. 7 to 14, 18 to 22), the outstanding features were a size reduction, a marked disproportionate shortening of the long bones, and a deficiency of ossification in which both the appendicular and axial divisions of the skeleton are affected. In connection with the following descriptions, the x-ray photographs just referred to should be consulted.
The bones most obviously affected were, first of all, those of the extremities. The humerus, radius, femur, and tibia-fibula were markedly shortened and there was some reduction in the width as well. Dissection of these bones showed that they were fairly cartilaginous. Their ends were frequently composed of comparatively large cartilaginous masses and their outline tended to be irregular and knobby. The shaft was whitish and semitranslucent and appeared to be largely cartilage. On the split surface, the color of the marrow area was a very pale pink and no definite marrow cavity could be made out. Ossification of this portion of the shaft was obviously much less advanced than that of control animals. Moreover, it was not certain that by naked eye observation any distinction could be made between the cortex and the medullary portion of the bone.
These characteristic features are well shown in x-ray photographs, particularly in those of animals which lived a few hours. In the case of a dwarf and a normal litter mate which lived at least 12 hours (1, Fig. 11 ), the marked difference in the degree of calcification is especially noticeable in the distal end of the femur, the proximal end of the tibia and humerus, and the head of the scapula. It will also be noted that the ends of the long bones, and particularly of the humerus and femur, were cupped and frayed.
The bones of the fore and hind feet also showed a pronounced deficiency in calcification. Of the 4 metacarpal bones, for example, which are well outlined in x-ray photographs of normal new-born young, only the first and second, and occasionally a suggestion of the third, were discernable in the x-rays of achondroplastic dwarfs. These bones were much reduced in length. A similar condition was found with respect to the metatarsal bones and there was practically a complete absence of ossification of all phalangeal bones. In the case of the tarsus, there was likewise a marked deficiency of ossification.
The pelvic girdle was greatly affected and in an entirely similar manner to those of the extremities as is shown by the x-ray photographs. Both the ilium and the isehium were much shortened, the ends were frayed, and only questionable marrow cavities were observed. In some cases, it was thought that the head of the femur with respect to the pelvis might be more posteriorly placed than in normal animals.
The scapula was similarly reduced in size and only its head and neck showed calcification of a variable but comparatively limited extent. Again there was no visible indication of marrow cavities. The vestigial clavicle was present and it appeared to be entlrely~ cartilaginous.
The vertebral column, as is well illustrated in the x-ray photographs, likewise presented in all cases a reduction in size of individual bones and a deficiency of ossification. The outlines of the bones show that both the body and the transverse processes were smaller than normal; of the two portions, the body appeared to be the more affected. The vertebral shadows in the x-rays are uniform or homogeneous with practically no evidence of marrow cavities. In some cases, there was extremely slight calcification of the body portion of some of the lower cervical and upper thoracic vertebrae (1, Fig. 7) . And finally, it should be pointed out that in the upper caudal vertebrae, calcification was uniformly slight and was apparently absent in the lower segments.
The sternum and ribs were like the other bones already described, cartilaginous in appearance and texture. From the x-ray photographs, it will be noted that in those of the achondroplastic dwarfs, there are no sternal shadows as is the case in those of normal animals. In all x-ray photographs of achondroplastic dwarfs, the ribs present a peculiar fiat, gridlike form. The narrow outline of each individual rib extends laterally for only a short distance from its vertebra in approximately the same plane with little or no indication of curvature and it then stops abruptly without any intensification at the end or along the cortex. ' The rib shadows are generally uniform and their density indicates a considerable calcification insufficiency. In some animals, however, there were small areas of greater calcification at the outer end of certain of the upper ribs as was the case in the dwarf whose x-ray has previously been referred to (1, Fig. 7 ). In this animal, this condition was present in the third to the sixth ribs and probably beginning in the seventh and eight ribs respectively.
The squarish shaped skull with prominent calvarium appeared to be disporportionately large as compared with the body. There was a widespread calcification deficiency involving both the cartilaginous and membranous bones comparable to that of the skeleton elsewhere (1, Figs. 7, 11, 12, 19 , and 21). On gross examination, the bones of the basicranium had a cartilaginous appearance and on section were much less resistant than those of normal newborn young. The area of the basicranium was reduced in comparison with that of normal young of similar size.
The calvarium was rounded and enlarged and in the majority of cases its posterior portion was unusually prominent, suggesting hydrocephalus. In only 2 cases, however, was there an increase in fluid. The frontal, parietal, and in somewhat less degree the occipital bone showed a marked calcification deficiency, their major portions being membranous and only the borders being calcified to a variable extent. The expansion of the poorly calcified ealvarium, particulariy laterally but also vertically together with a reduced basicranial area resulted in a conspicuous alteration from the normal oval or elliptical skull shape.
The peculiar appearance of the head of achondroplastic dwarfs was enhanced by a well marked transverse depression at the root of the nose or snout and the face was retracted in a sloping chimpanzee-like manner. The facial portion of the skull, including the nasal bones, tlie maxilla, the premaxilla, and the mandible was small and the bones were cartilaginous in appearance and texture. The oral cavity was not remarkable except for the subnormal development of the teeth, and in those cases, one-fourth the total number, in which there was a cleft palate.
The trunk had a characteristically abnormal appearance. Its most obvious feature was a large, protuberant abdomen with a thin, flaccid wall but scarcely less conspicuous was the peculiarly shaped thorax, especially as regards its ventral aspect. In the first place, there was marked shortening and secondly, the transverse diameter, particularly of the lower portion, was increased. After dissection o[ the skin and removal of the sternum and adjoining portions of the ribs, the shape of the thorax was found to be roughly pyramidal and the apex seemed small in comparison with the very wide base (Fig. 1) .
The body cavities contained fluid in practically all cases. In the pericardial sac there was usually only a small or questionable excess of clear fluid. The pleural cavities generally contained a slight or moderate amount of pinkish fluid but not infrequently a considerable amount of bloody fluid was present. In the abdominal cavity, on the other hand, there was as a rule a large quantity of fluid which was usually blood-stained and often intensely so. In addition, there was a variable number of small and large firm blood clots between the intestinal loops, beneath the liver, and in the region of the urinary bladder. In the case of the dwarfs which lived a few hours, there was comparatively little pleural fluid and a smaller quantity of pinkish or colorless clear abdominal fluid.
The lungs appeared small as a rule. In the majority of cases, there was some irregularly distributed congestion of the external and cut surfaces, the tissue felt boggy, and inflation did not appear to have taken place. In other cases, the lungs were inflated and normal in color. No abnormalities of lobulation were observed.
The heart was relatively small, frequently short and rounded or bullet-shaped and pale. In many cases, the apex pointed sharply to the right side of the body instead of slightly to the left or in the midline as in normal new-born young (Fig. 1) . Not infrequently this position of the apex was at right angles to the long axis of the body, the left ventricle rested flat against the diaphragm, and comparatively little of the right ventricle was visible. As a rule, both ventricles were well contracted and the right ventricle frequently appeared to be small and short. The right auricle was usually distended with a dark red clot, while the left contained a smaller one; occasionally both auricles were quite markedly distended. In a few cases, the blood in the auricles was found to be unclotted. The ventricles were almost always empty. Aside from the general paleness of the heart, there was nothing remarkable in the appearance of the epicardial or endocardial surfaces, the valves, or the cut surface of the wall. No anatomical abnormalities were found. The aorta and vena cava appeared to be normal.
The spleen was enlarged in practically all cases and in many instances it was two or three times the size of the spleen of normal litter mates. Its color was somewhat pale, pink rather than red, and while there was no definite swelling, the consistency was usually described as somewhat softer than the comparatively firm tissue of the normal spleen.
The pancreatic tissue was abundant and its appearance not remarkable. The liver was large and in some cases exceptionally so (Fig. 1 ). The color was usually an opaque pinkish yellow; there were a good many instances of red mottling and some in which the external and cut surfaces were more uniformly congested. The external surfaces were smooth, the margins sharp or slightly rounded, and the general consistency somewhat softer than normal When the liver was removed, a comparatively large amount of blood escaped and the surface then appeared somewhat irregular or shriveled. Clotting of the escaped blood in the abdominal cavity occurred but the clot tended to be flabby. The gall bladder was normal.
The kidneys generally were not remarkable except for some pallor of the external and cut surfaces. The urinary bladder was empty except in a few cases in which there was approximately a cubic centimeter of a very pale yellow clear urine.
The stomach contained a clear greenish yellow, somewhat viscous fluid and in many cases it was somewhat distended with this fluid (Fig. 1 ). In only 2 animals, both of which lived a few hours, did the stomach contain a little recently ingested mill.
The adrenals were not remarkable. The thymus was large, firm, and fleshy. The appearance was essentially normal; no hemorrhages were observed and there were only occasional instances of minor congestion. In many cases, one or two tongue-llle projections extended downward over the heart and some of them reached the diaphragm.
The thyroid comprised small reddish masses which could not be delimited. The extent of the tissue, however, appeared to be as great as that of normal animals of comparable size.
The external parathyroids were occasionally thought to be identified as tiny specks of opaque pale beige-colored tissue.
The pituitary gland was small, rounded, soft, and somewhat soggy. The color was generally pale. The pineal gland appeared normal.
The external genitalia of both sexes were normal The appearance of the gonads was normal and there was no suggestion of atrophy. The position of the testes, however, was variable; in some cases they were situated well above the pelvis. The ovaries, on the other hand, were always found in the normal position of close proximity to the lower pole of the kidneys.
Organ Weights
The mean organ weights of 51 achondroplastie dwarfs and 80 normal litter mates obtained within a few hours of birth are given in Table I ; similar mean values for another group of 52 achondroplastic dwarfs are also included. With respect to gross and net body weight and to both actual and relative weights of all organs, the values for the 2 groups of dwarfs are in close agreement with each other. The results of the comparisons of dwarf with normal values expressed in percentage terms of the respective normal values are shown in Table II .
It will be seen by referring to Tables I and II that the mean values for gross and net body weight and the actual weight of the gastrointestinal tract and contents of 51 achondroplastic dwarfs are considerably smaller than the values of their 80 normal sibs, and that the differences amount to 29.78, 26.61, and 47.65 per cent respectively. Smaller actual weights for the heart, liver, and adrenals of achondroplastic dwarfs were also found, the differences being 12.90, 13.31, and 20.00 per cent of the respective normal values. With other organs, however, those of achondroplastic dwarfs weighed more than those of their normal litter mates. In the case of the kidney and brain, the mean values for the dwarfs were slightly larger, that is, 9.09 and 4.58 per cent respectively, but for the spleen and thymus they were 23.53 and 17.86 percent larger than the average normal figures. No difference in the mean weight of the pituitary glands of the 2 groups was observed.
A consideration of these results based on the relation to net body weight shows, however, that with the exception of the gastrointestinal mass, all the organs of the achondroplastic dwarfs were relatively heavier than those of their normal sibs (Table II) It will be noted that results of the same order and with a few exceptions, of essentially the same magnitude are found in the comparisons carried out with the total number of available achondroplastic dwarf values. In most cases, the inclusion of the values for 52 dwarfs making a total of 103 animals altered but little the percentage differences of both actual and relative mean weight values in terms of the values for 80 normal young (Table II) . This result was to be expected in view of the close similarity of the various weight averages of the 2 groups of dwarfs as is shown in Table I . The differences which are found concern chiefly actual weight values. For the kidney, the percentage increase for the dwarfs over normal values was smaller for the total than for the smaller group and in the case of the brain, it was larger. With both organs, however, the percentage increases for relative weights were similar. For the spleen, the increase of both actual and relative weights as compared with the respective normal values was not as large for the combined group of dwarfs as it was for the smaller group. Finally, with respect to the pituitary gland, comparisons based on the total group of dwarfs show no differences from normal values for both actual and relative weights'; with the smaller group of dwarfs the relative weight shows an increase of 16.67 per cent of the normal figure.
From these several comparisons, it appears first, that although the actual weights of the heart and liver of achondroplastic dwarfs are smaller than those of their normal sibs, the weights per gram of net body weight are larger. Second, the kidneys and the brain of the dwarfs actually weigh as much, or slightly more, than those of normal litter mates, while the relative weights are considerably larger. Third, the actual and especially the relative weights of the spleen and the thymus of the dwarfs are larger than those of normal sibs. And fourth, while the actual weight of the adrenal glands of the dwarfs is less than that of normal sibs, the relative weight is slightly larger. In the case of the pituitary gland, there is no difference in actual weight and an uncertain increase in the relative weight value. The smaller number of adrenal and pituitary observations may account for the less striking results as compared with those for other organs. However, it is important to note that the relative weight values for both glands are at least not smaller than those of the normal sibs.
Microscopic Examination
Examination of histological material obtained from achondroplastic dwarfs and normal new-born litter mates showed certain differences in some organs and tissues. A marked abnormality of cartilage with deficiency of bone formation was invariably found. The extramedullary amount of hemopoietic tissue was reduced and the lymphoid elements of the spleen were depleted. The colloid of the thyroid gland was less abundant than in normal specimens In the case of the brain, pituitary gland, thymus, and adrenal glands, the mean values were calculated from weights obtained from the following number of animals: brain and pituitary, 13 and 10 achondroplastic dwarfs and 14 normal sibs; thymus, 31 and 14 dwarfs and 62 normal sibs; adrenals, 19 and 10 dwarfs and 29 normal litter mates. These divisions of the number of dwarf animals correspond to the two groups of dwarfs in Table L and the proportion of basophilic cells in the pituitary appeared to be increased. Various degrees of vascular dilatation and congestion and sometimes slight edema were frequently present, particularly in certain areas of the skin and subcutaneous tissue, lungs, spleen, liver, pancreas, and the thyroid and pituitaw glands.
Mean Organ Weights
No histological abnormalities were found in the following organs and tissues:
heart, lungs, gastrointestinal tract, pancreas, kidney, brain, ovary, testis, tongue, diaphragm, the facial, abdominal, lumbar, and thigh muscles, and ear cartilage. The development of the teeth was less advanced than in normal new-born rabbits. Cartilage and Bone.--All the bones of achondroplastic dwarfs show marked histological abnormalities, the chief character of which is a profound disturbance or deficiency in the growth of cartilage with a loss of the row arrangement of the ceils associated with the growth of bones in the long diameter. The membranous bones of the skull and the periosteal portions of the long bones also show markedly deficient calcification. The picture is one of an almost complete cessation or absence of ossification.
The strung changes which are found are illustrated by microphotographs of the hind leg and foot (Fig. 2) , of the humerus, radius, and ulna (Fig. 4) , and of the sphenoid (Fig. 8) ; compa- (Figs. 3, 5, and 9 ). The details of the distal zone of ossification of the humerus may be seen in other microphotographs (Figs. 6 and 7) taken at a higher magnification. In all eases the specimens were obtained from animals born at term.
The pronounced decrease in size of the bones of the extremities and particularly their shortening is well shown in the photograph of the hindleg (Fig. 2) . All the bones inchiding those of the foot are affected. Only a small portion of the femur appears in this photograph, but the abnormalities observed are the same as those of the tibia. In the case of the foreleg bones (Fig. 4) , fully two-thirds of the humerus and large portions of the radius and ulna are shown whereas the comparable photograph of a normal litter mate (Fig. 5) comprises only the epiphysis and part of the shaft of the humerus. The irregular and knobby or nodular condition of the epiphyscal ends of the long bones is indicated in the illustration of the hind extremity (Fig. 2) . Although this particular section does not pass through the exact center of the leg, nevertheless it is apparent that the ends of both the femur and tibia are irregularly swollen and disporportionately large in comparison with the shaft. Furthermore, the differentiation of the cartilage is less advanced not only in these larger bones but in the small bones of the foot as well.
The condition of the epiphyseal cartilage is shown in greater detail in the photograph of the foreleg taken at a higher degree of magnification (Fig. 4) . The tissue stains irregularly in a streaky fashion, some areas being quite pale while others are a deeper blue. The centers of ossification in the epiphyseal cartilage of the humerus are practically absent whereas 2 centers are easily identified in the section of the normal humerus (Fig. 5) . Penetration of the cartilage by blood vessels from the perichondrium is very limited. The cartilage cells generally have a crowded appearance because of a decreased amount of intercellular substance. Sometimes the ceils lie in spaces which produces a spongy appearance.
The epiphyscal zone proper (Figs. 4 and 6 ) is narrow and the absence of the orderly row arrangement of cartilage cells may be appreciated by noting the typical pattern of cell nuclei in the normal bone (Figs. 5 and 7) . Instead of a succession of regular and on the whole uniform columns of cartilage cells, there is a mixture of columns with very irregular outlines, many of which are much shorter and wider than normal, together with crowded masses and sometimes networks of cells. Invasion of the cartilage by marrow capillaries is scanty and inconspicuous. The zone or band of ossification with its more or less parallel spaces containing disintegrating cartilage cells and osteogenic tissue is greatly narrowed and frequently to the point of complete absence. The border or line of the zone is cupped and its U or V shape is directed toward the diaphysis. Short irregular tongues or projections of cartilage extend beyond the line and small remnants of cartilage are seen in the cavity of the shaft. Only a very few small newly formed bone trabeculae are found.
There is some periosteal development of bone as can be seen in the illustration of the shaft of the humerus (Fig. 4) but the degree of calcification is far below that of a normal new-born rabbit. The pronounced difference is at once appreciated when the bones are sectioned in the fresh state,
The size or extent of the marrow cavity is much smaller than that of the normal bone, both actually as would be expected but also relatively as may be seen by comparing the photographs of the humerus in Figs. 4 and 5. All the hemopoietic cellular elements are present but the number of cells in representative areas appears to be reduced as compared with similar areas in normal marrow. Abnormal blood cells have not been observed.
The pronounced histological abnormalities of the achondroplastic humerus are typical of all the bones including the vertebrae and the basicranium. The characteristic changes which are shown in the photographs of the section of a cervical vertebra (Fig. 7a) and of the sphenoid (Fig. 8) will be appreciated by a comparison with the photographs of similar sections from normal litter mates (Figs. 7b and 9) .
Spleen.--The most conspicuous histologic feature of the spleen is a pronounced reduction of lymphatic elements which is particularly marked in the Malpighian bodies. Their small size in comparison with the large follicles of the normal spleen is well shown in the photographs of the sections from an achondroplastic dwarf and a normal litter mate (Figs. 10 and 11) . The number of cells comprising the follicles is obviously greatly decreased. The area or amount of the pulp appears to he both relatively and actually increased. The sinuses and venules generally are slightly or moderately dilated and usually are filled with blood although in many areas some of the smaller vessels contain only a slight amount or are empty. Hemopoietic tissue is present but is comparatively scanty.
Thyraus.--As has already been pointed out, the thymus is both actually and relatively larger and is much heavier in achondroplastic dwarfs than in normal new-born rabbits. Microscopically, both cortex and medulla contribute to this large size and there does not appear to be any disparity in the amounts of the 2 areas as compared with sections from normal litter mates and other new-born rabbits. The cellular elements including Hassall's bodies and the blood vessels generally likewise appear to be normal. Occasionally dilatation and congestion of the vessels and edematous areas of the interlobular connective tissue are seen.
Lymph N~les.--Sections of various organs, as for example the thyroid, not infrequently in-
clude lymph nodes. In many of these cases, the nodes appear to be normal but in a considerable number, some degree of cellular depletion is present. At present, it is not possible to state how extensively or how frequently this condition occurs.
Liver.--The chief histological features in the liver (Fig. 12 ) are marked hyperemia, cloudy swelling of hepatic cells, and a generally smaller amount of hemopoietic tissue than is found in normal new-born rabbits (Fig. 13) .
All the vessels and particularly the central and interlobular veins and sinusoids show variable degrees of dilatation and congestion and frequently, this condition is quite marked. The majority of the vessels contain blood but some and especially the central veins contain comparatively little. The sinusoids also have a variable blood content, many being tightly packed with erythrocytes while in other lobules the spaces are empty or nearly so. Hemorrhages have not been seen.
The liver cell cords are compressed to a variable extent by the distended sinusoids and on the whole the ceils appear smaller than normal. In some the nuclei are small and pyknotic but in general their appearance is normal. In the less congested areas swollen cells may be found. Cloudy swelling is a fairly prominent feature, the cells in the central and peripheral zones of the lobules being most affected. The fat content of the hepatic cells as demonstrated by the Sudan IV stain appears to he somewhat greater than in sections of normal new-born animals. No consistent difference in glycogen content was found. The bile ducts and gall bladder appeared to be normal.
The extensive distribution of hemopoietic tissue in the liver characteristic of the normal rabbit at birth is found to be considerably decreased in amount in the achondropiastic dwarf.
Thyroicl.--From the microscopic examination of a large number of serial sections of thyroid glands of achondroplastic dwarfs and normal new-born young, one has the impression that the amount or bulk of thyroid tissue in the dwarfs is at least comparable to and perhaps larger in the dwarfs than in normal animals of similar size. The epithelial cells stain well and, as in the normal gland, only an occasional mitotic figure is seen. The follicles are generally well developed but there are occasional small areas without definite follicular arrangement, and here the cells have a more or less sheet-like appearance. Colloid is present but it is less abundant than in normal animals as may be seen by comparing the photographs of achondroplastic thyroids (Figs. 14 and 16) with those of normal litter mates (Figs. 15 and 17 ). There are many areas in most sections in which the follicles contain little or no colloid. These follicles tend to be somewhat smaller than those Containing colloid, the lumen is small, and the epithelial cells are of the medium columnar type. The colloid is also paler staining and less homogeneous than in normal animals and vacuolization is more prominent. Dilatation and congestion of blood vessels are frequent and slight or moderate edema of the interfollicular tissues and particularly of the larger masses of connective tissue has been seen, most often, however, in animals which have been dead for some hours. Pituitary.--Histological examination showed, first, that the pituitary of achondroplastic dwarfs is practically always rounded (Fig. 8) , thus differing markedly from the rather slender ovoid shape of the gland of the normal new-born rabbit (Fig. 9) . In some cases, the spherical form is remarkably symmetrical but more frequently the contour is more or less irregular. The shortening of the anterior-posterior diameter is marked but the increased length of the lateral diameter is scarcely less pronounced. The various parts of the glahd are present and the cleft representing the lumen of Rathke's pouch is :almost always large. No stainable material has been seen in the lumen of the cleft and cyst formation in any area of the gland has not been observed. No unusual features of the posterior lobe have been found. Some degree of vascular dilatation with congestion and edema of the anterior lobe is present; it is least in animals whose autopsies were performed immediately after death and most marked in animals found dead. The pituitary pictured in Fig. 8 shows a fair degree of dilatation with slight edema and comparatively little postmortem autolysis. The specimen came from an achondroplastic dwarf whose death probably occurred only a short time before examination. It has:not been possible to draw final conclusions regarding the cellular pattern of the anterior lobe. It will be recalled that the very great majority of achondroplastic dwarfs were dead at the time the litter was first examined and it was found from microscopic examination that a large number of the pituitary glands had~ undergone variable degrees of postmortem change. Cell counts, therefore, were largely restricted to the comparatively few specimens obtained immediately after death.
Parathyroid Gland.--Sections
In the case of both basophiles and acidophiles, but particularly the acidop.hiles, the staining reaction of the granules is variable. A similar but less marked variability was also found in the glands of normal new-born rabbits. In certain achondroplastic and normal specimens the granules stain less well than in normal adult glands. In some achondroplastic pituitaries the proportions of the 2 classes of cells are not significantly different from that observed in normal litter mates, but in others and particularly in those obtained immediately after death, the distribution of basophiles is prominent. While the majority of cells in the pars tuberalis proper are chromophobes, basophiles are seen more frequently than in normal specimens and in the zona tuberalis, they predominate. Practically all the cells in the pars intermedia are basophiles. In the pars anterior proper, all three types are found but the number of basophiles appears to be increased. Both light and darker staining cells are seen, the former type being the more numerous and both types are generally rather large.
Although many and in some sections the majority of the acidophiles stain a reddish or reddish orange color, others stain less well, the color being a greyish or pale pinkish yellow. On the whole the distribution of acidophiles generally is less conspicuous than in normal glands. Comparatively few of these cells are found in the tuberalis portions of the lobe while their relative number in the pars anterior proper appears to be reduced. In some cases, large very deep red acidophiles with coarse granules are seen in the posterior area of the lobe. For the most part, they occur singly or in small groups of 2 or 3 cells and only rarely have larger clumps been observed. There has been no instance, however, in which these cells predominated over or replaced the usual type of acidophiles or the basophiles. Similar deep staining acidolShiles have also been found in the pituitaries of normal new-born rabbits but in most sections they are less frequent.
The relative number of chromophobes also appears to be reduced. Although these cells are numerous in the tuberalis portions of the lobe, hasophiles are also comparatively frequent while in the pars anterior proper, the proportion of chromophobes is apparently somewhat lower than in the normal gland. 
"

In the differential white cell counts a great many more normoblasts and other immature erthyrocytic forms were seen in the achondroplastic than in the normal specimens. Of the granular leucocytes, young forms predominated and immature cells were occasionally seen.
RI~SUM~. AND DISCUSSION
The characteristic pathological finding in all cases of hereditary achondroplastic dwarfism in the rabbit is the markedly abnormal condition of all endochondral cartilages with pronounced deficiency of bone formation. Calcification of the membranous bones is also markedly deficient. In the gross, the bones are cartilaginous in appearance and texture and are very much smaller, particularly in the long diameter, than those of normal new-born litter mates. Histologically, the cartilage shows a greatly distorted and deficient state of differentiation with a more or less complete loss of the row arrangement of cells associated with bone growth.
Both in the gross and microscopically, the lesion closely resembles, if it is not identical with, the characteristic lesion of achondroplasla or fetal chon-drodystrophy in man as described by several authors including Kn6tzke (3). There is likewise a striking similarity to the endochondral abnormalities of the "bull-dog" calf described by Crew (4) and to those of the "creeper fowl" as reported by Landauer (5) . With respect to canine chondrodystrophy, Stockard (6) states that the modified legs are found to result from a typically achondroplastic growth reaction exactly as has been frequently reported for human achondroplasla.
At autopsy, in addition to the skeletal changes, the chief features of interest include a blood-stained viscous fluid with blood clots in the abdominal cavity, and less often fluid in the thoracic cavity, small lungs which may or may not have been inflated, a small pale heart with the right auricle distended with a dark red blood clot and the apex frequently pointing toward the right side of the body, a very large firm thymus, a large somewhat soft and slightly pale spleen, a large swollen tawny yellow liver with red mottling, ~ stomach more or less distended with a thin greenish mucus but no milk, and prominent intestinal loops. In size, the thyroid and the adrenal glands resemble those of their normal litter mates; the thyroid is frequently quite red. The pituitary gland is small, soft, and often pale.
It will be recalled that almost all achondroplastic dwarfs are found dead within a few hours of littering. From the gross postmortem findings, it is evident that certain vascular adjustments which normally occur with birth have not taken place or at any rate have not been satisfactorily accomplished. In this connection, it should be noted that in normal new-born rabbits found dead shortly after birth, fluid in the body cavities is not commonly seen but that even in achondroplastic animals which have been observed to live for a few hours, some fluid in the abdominal cavity was present. Edema of comparatively large areas of the skin is also seen not infrequently. On the other hand, only two instances of hydrocephalus have been encountered. Histologically, variable degrees of vascular dilatation and congestion and edema e,f many organs and tissues are practically always observed. It seems clear that there is some fundamental defect or fault which interferes with the proper functioning of the capillary system.
The voluntary muscles are not usually edematous in the gross but their soft flabby relaxed state is one of the striking features of the achondroplastic condition. The explanation for the absence of milk in the stomach is undoubtedly a marked weakness of the sucking muscles for normally the doe nurses her young immediately after birth. The cause of the abnormal condition of the muscles is not known but it might well be associated with a deficient vascular function.
Comparisons of mean organ weights in terms of the weight per gram of net body weight, reveal the interesting fact that all organs of the achondroplastic dwarf have heavier relative weight values than those of their normal new-born litter mates. The material does not include many pituitary weights but the results probably do not differ from those of other organs. The difference is most marked in the case of the thymus and spleen, and the actualweights of these organs, as well as their relative values, are much larger than those of normal young. The actual weights of the kidney and brain of the dwarfs equal or slightly exceed those of the normal animals but in the case of the heart and the adrenals they are somewhat smaller. Tl~e achondroplastic modification of growth and development which results in an individual of small body size and weight evidently does not extend to most organs.
The results differ from those for the hereditary proportionate dwarf form of Polish rabbits described by Greene (7) . In this form, the actual weights of all organs were very much smaller than those of normal litter mates. The relative weights of the adrenals, thyroid, pituitary, liver, and spleen were likewise decreased; the relative weights of the thymus and kidneys were increased as with the achondroplastic dwarfs but to much smaller degrees. In the case of the heart, the increase in relative weight was approximately the same as that for the achondroplastic dwarfs but for the brain, it was much greater.
The majority of the organs and tissues show no histological abnormalities other than vascular dilatation and congestion and edema of variable degree and distribution. In the spleen, the lymphoid elements are quite markedly depleted, the amount of hemopoietic tissue is decreased, and vascular dilatation and congestion is prominent. The superficial lymph nodes which have been seen in sections such as those of the thyroid, show variable degrees of depletion. The liver is considerably congested, the hepatic cells are more or less degenerated, and the hemopoietic tissue is reduced in amount.
The histology of the endocrine glands was of special interest because of the long supposed association of achondroplasia with dysfunction of the endocrine system. In the present material, no significant histological abnormalities of the adrenals, the parathyroids, or the thymus were found. Some changes in the thyroid and pituitary glands, however, were observed.
The thyroid is characterized by a somewhat smaller colloid content than is found in normal new-born rabbits. The follicular epithelium tends to be of the medium columnar type and the acini are small. The colloid is paler staining, less homogeneous and more vacuolated than in the normal animal. Dilatation and congestion of vessels is usually present. The findings suggest a very active gland and one possibly bordering on an overactive state.
In the pituitary, the present impression concerning the cellular pattern is that the proportion of hasophiles is somewhat increased and that of acidophiles, and probably also that of chromophobes, is decreased as compared with the distribution observed in normal new-born rabbits. Large deeply stained acidophiles, situated chiefly in the central and posterior portion of the anterior lobe, are also seen somewhat more frequently than in the pituitaries of normal litter mates. The gonads and external genitalia of both sexes are well developed and no suggestion of atrophic change has been found.
• The question of a causal relationship between the thyroid and, more recently, the pituitary gland and achondroplasia has been frequently discussed. The condition, in man, was formerly described as fetal cretinism but in later years, this diagnosis has largely been abandoned and the thyroid changes which have been found are not generally thought to be of primary significance. The tendency, rather, has been to disregard them as indicative of no more than incidental or secondary importance. Consideration of the pituitary gland, however, still continues.
Crew (4), for example, gives certain reasons for regarding a malfunctioning of the pituitary as the responsible causal agent in the production of the "bull-dog" calf abnormality although the incidence of the condition is interpreted in genetical terms. In the "bull-dog" fetus the posterior lobe of the pituitary was found to be physiologically relatively inactive at the 4th and the 6th months as judged by the melanophore test of Hogben and Winton. Crew argues that it is not unreasonable to think that this result might be an indication of the functioning of the gland as a whole and if this were so, a malfunctioning during the earlier months of fetal life is responsible for the abnormalities in ossification and growth if, for the normal development of bone, the guiding stimulus of the pituitary is necessary. Crew further states that a malfunction of the pituitary can be suspected on the ground that posterior pituitary substance is concerned in the production and maintenance of capillary contractile tone. Capillary dilatation, edema, anasarca, hydrocephalus, and hydramnios are characteristic features of the "bull-dog" calf abnormality. Furthermore, he thought that the thyroid changes resembled those which follow removal of the anterior lobe of the pituitary in mammals.
In achondropiasia of another mammalian species, the dog, in which modifications of growth and form are primarily local as judged by the deformities produced, Stockard (6) found that the condition of achondroplastic extremities was determined by the genetic constitution of the animal.
Stockard raised the question of the possible influence of unusual endocrine secretions in the modified growth reaction, as well as the possibility of primary inheritance of endocrine conditions bringing about the distortions of the extremities as a secondary effect. The difficulty of demonstrating that the genetic composition of tissue determines its pattern of growth without regard to the general state of endocrine control was fully recognized. But from his experiments with the bull-dog breeds which show localized chondrodystrophic deformities at both the head and tail ends of the axial skeleton, Stockard concluded that with respect to the tail deformity, the genetic composition of the tissues is the determining factor in spite of the composition of the endocrine environment. He was of the opinion, however, that a number of structural modifications, as for example, overgrowth of skin, do result primarily from definitely inherited alterations in endocrine composition. And he stated that "the genetic constitution must determine the endocrine qualities, and the pattems of growth for certain tissues may be influenced by these, yet the pattern of growth for other tissues or parts may take place over and above such influences."
The general theory that certain hereditary abnormalities result from growth alteration at a given period has continued to attract a great deal of attention. Striking evidence in support of this theory is furnished by the results of Landauer's (8, 9) recent studies on early creeper fowl embryos, as has been emphasized by Dunn (10).
Landauer found in hereditary chondrodystrophy in the fowl that the effects on cartilage and the disturbance of endochondral ossification with a consequent wide variety of changes, are connected with a general retardation of growth which occurs in the first 3 days of embryonic development. The parts which are growing most rapidly at this time are the ones which are most altered from the normal. From this relationship between normal growth potency and degree of effect of the mutation, Landauer concluded that in this case the apparently localized and differential effects characteristic of the condition are due to modifications of earlier processes of a very general sort such as growth. It was also observed in these embryological studies that the condition antedates the functioning of the endocrine system.
From the present gross and microscopic observations on hereditary achondroplasia of the rabbit, no convincing evidence has been found which would incriminate any organ and particularly any of the glands of internal secretion as a responsible causal agent of the condition. The type of change seen in the thyroid does not suggest an association of primary importance. Until a larger number of satisfactory pituitary specimens are examined, conclusions regarding the cellular pattern would be premature but from the available information, one would hesitate to ascribe causal significance to a variable predominance of basophilic cells. It would appear more reasonable to assume that such a distribution of cells was an effect of or incidental to the general condition. It remains to be determined whether the present abnormality is another example of the result of growth retardation analogous to that in the creeper fowl.
SLrM~ARY
Pathological observations on hereditary achondroplasia in the rabbit have. been described. At autopsy, the chief features of interest are: reduced size with disproportionately shortened extremities and large head, cutaneous and subcutaneous edema of variable degree and distribution, small shortened bones with a cartilaginous appearance and texture, immature teeth, and cleft palate in one-fourth the cases; blood-stained fluid in the thoracic and abdominal cavities; a comparatively small heart pointing to the right of the midline, a very large firm thymus, a large pale soft spleen, a large swollen liver with red mottling, and a stonmch distended with thin greenish mucus but no milk.
The mean relative weights of all organs in terms of the net body weight were larger than those of normal new-born litter mates. The mean actual weights of the kidneys, the brain, and especially the spleen and the thymus were also larger than their respective normal values, those of the heart, liver, and adrenals were slightly smaller, while that of the pituitary was the same.
Histologically, all endochondral cartilages show marked abnormalities of differentiation with pronounced deficiency of ossification. Calcification of membranous bones is likewise deficient. The histological abnormalities of the long bones are very similar to, if not identical with, those characteristic of human fetal chondrodystrophy, the creeper fowl condition, the "bull-dog" calf, and achondroplasia of the dog.
No histological evidence was found in any organ which would suggest a basis for a responsible causal agent of the abnormality. Minor to marked vascular dilatation and congestion and edema is a variable feature but is fairly widely distributed. The changes in the thyroid indicate an active gland. The cellular pattern of the pituitary is characterized by some increase in basophilic cells. The lymphoid elements of the spleen are more or less depleted. The hemopoietic tissue in the spleen and liver is reduced in amount. In blood obtained from the heart, there is a reduction in the numbers of red and white cells and platelets and in the hemoglobin content as well; immature cells and particularly normoblasts are comparatively numerous. Compare with the photograph of a normal litter mate of the same weight in Fig. 3 and note especially the "knobby" condition of the epiphyseal ends of the femur and tibia, the reduced length'of the bones, and the less advanced degree of differentiation. X 4. FIG. 3 . Photograph of a sagittal section of the right hindleg of a normal litter mate of the achondroplastic dwarf of Fig. 2 . The animal, which weighed 38 gm., was also found dead when the litter was first examined a few hours after birth. X 4. FIc. 12. Photograph of the liver of an achondroplastic dwarf weighing 37 gm. which lived 6 hours. Compare with the photograph of the liver of a normal litter mate in Fig. 13 . There is a considerable degree of cellular degeneration with vacuolization and of dilatation and congestion of sinusoMs and vessels generally. The amount of hemopoietic tissue is small. X 133.
FIo. 13. Photograph of the liver of a normal litter mate of the achondroplastic dwarf of Fig. 12 which also lived 6 hours. This is the same animal whose pituitary gland is pictured in Fig. 9 . × 133. 
